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ABSTRACT : PURPOSE : To improve the luminance and life of a nitrogen-III 
compound semiconductor light emitting diode. 

CONSTITUTIONS 500Angstrom AlN buffer layer 2, high carrier 
concentration n<+>-layer 3, approx. 2 . 2mum in film thickness and 
2X10<18>/cm<3> in electron density, mode of silicon-doped GaN , 
low carrier concentration n-layer 4, approx. 1 . 5mum and 
lX10<16>/cm<3> / made of non-doped GaN, low carrier concentration 
p-layer 51, approx. 0 . 5mu and 1X10< 16>/cm<3> in hole density, 
made of Mg-doped GaN, and high carrier concentration p<+>-layer 
52, approx. 0.2mum and 2X10<17>/cm<3> in hole density, are forme, 
on a sapphire substrate 1 in this order. Nickel electrodes 7 and 
8 are formed on the high carrier concentration p<+>-layer 52 and 
high carrier concentration n<+> 3, respectively. The nickel 
electrode 7 lowers the drive voltage. 
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t7T-fTffiRlC. Kit- 500 ACDMH W< 
77712, MU»W.2junu m=?m%.2 xW B /c* 3 <T) 
y'JnyK- rGaN j&^&SiS* -v 'JTift£n + ;i3. 

1.5/im, tt^iRJKl xl0 16 /cm3£7DteiSiDGaN A» 

gl XlO'Vcm^MgflSbDGaN T^jS-SfS^-V 'J 7**ft£p 
151. mW^J0.2 /im. jE7U8J£ 2>:lO ,7 /c«8f)S^ 

7 &tX8 $ ii-a > £ . - -y *vHHi 7 
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[*#ffiB3<£0iEB] 

c js 1 3 n momm - 3 mK&it&temi* < ai » 

GaYlni-x-yN;X=O,Y=0,X=Y=O £#tf) frhtth nJl i; . 
pSOSS-3Jg7C^b^^*(Al,GavIni-,-yN;X= 
0,Y=o,x=Y=O 5r-i-0) «'^5pSt^ngi-3 

Hu!£p*^-^-fS1gffi2r-'y^ (Ni) tUli: 

[ it^JS 2 ] bu iewas^S «<*>jE?L«U£« 

ixi o™/ctfy,±.x-hz>ztzft®ff&nxm nz 

[00 0 1] 
[0002] 

[fi&fcSffi] ttfecOffttt^tf-Kfc LTGaN * 

[0003] gafi. GaN cO^V-i HttJ^T t . 

fc¥lft*MI ( i«) fcOfl^-tfti-Cp n»&**f & 
GaN «3t^-f^--K**tlSK§iiTV^4. itftfS^-f * 
-K^tgfiEti. nl^'T/l'Sz^ (Al) , pJf#:£(A 
u)T'*>S. 
[0004] 

[*Pia*»»LJ: p hT4t*II] U>>U ±ie<0pn» 

COSWJi. M*- 3ft7C*'ft:-&fll2N»{*(Al 1 GayIni-x-y 
N;X=O.Y=0,X=Y=0 «ft^-f tf- K«0*KB»JK£ 

m±Stf4Clfc2Hra»ra&ffiTStf4£fcT*4. 
[0005] 

3 S7C*{t"^^SI* ( Al ,Gay I ni - x - y N ; X=0, Y=0. X=Y=0 

5-#tf) frt>Kt&nmt* paoa*-3H7c*fl:-&ft 

^(*(Al,GayIni-x-yN:X=O.Y=0,X=Y=0 £-£0) 

4 p *fc Sr5-*-4 ffiYb*' 'J *7 ^#fl:£1*j*SH«fc}fc*^ 

tzaux. vmizmtthW&Z- v'nv (N i ) fc-f 
4Jii:£&8i:-?-4. 

[0006] X, m<r>mm*. P«<i^-v'JT?jlSwS 
*4«»W)JBTJBj£?;h.-r*j*). $*i.4pJi 
(TXETLiRJgii 1 x l 0 16 /c« 3 JilLT*>4:ii: 
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4. 

[0007) 

4B*-3«7C*-fb^-ft 3 m»«!(Al,GaYlni-x-YN;X=0,Y= 
0,X=Y=0 £&tt) WtttlZtH.^X. P«t«^-4tt 

[00 08] -y^£i£-£-t4pJf<7)iE?Ul 
10 KS- 1 x l o««/c«3ja±fc Lfctf)T\ 5 -y 7 

[0009 ] 

immi 

muzts^x. mty^^-V 1 0J4. t7r^fTIS 
ISrWUTfcO, W7t>( TWfcl £500 A^AIN 

±cii. mmm.2 um, n.^m&z xio'vc^ 

20 JRflE^ C?«USl X10> Vcra^&j^nGaN 

Vk*T>JTim.nPi4(7)±lZlZ, MtZ. BUW&0.5 u 
m. Xl0 16 /cm3cOv^^^^A(Mg)^jDGaN 
4^jfi4fi^+'J7aUtpl5 1 » Wtm.2 ^m, IE 
TL«Jg 2xioi7/c»3<?)asdE-^ UrSMEp 4 M5 2tfm&L 

3*1-0*4. -5-lt, w^+urausp* m52izmm 

-ri-vlni'X'&fgLZtifzW&l tm^^V7mm.n* 
« 3 4- -y *Jl-X'Bf&ZtifzW&8 t 

30 ttfl*S;h.T^4. 

[ooio] mz. ztommnftftyj y i o<vm 
^fjmti-o^xfsm-ti . ±sa«3t^-f k i oia, 
^^sfk-^i^fflfijt^ac jar tmovpe j tts-f) t~ 

iSSWBjaSJctORJS^nJt. m^btifztfxii. nh 
3 t^-vD T^Hzfc h l J^f-;^'U I >A(Ga(CH3)3) 
(WT r TMG j fcfiE-T) t; h t )* J f-/l>Ttl-$=.+?MM 
(Ofa) 3 ) (lilT r TMA j fcfe-T) 1 5>^^(SiH4)i: h*^ 

i^^ o^> ^ £/X-;U-7^^i/^7 A(Mg(C 5 H5) 2 ) (lilT 
r CP 2 Mg j fcE-T) T'*>4. 
40 [0011] *-*\ WMKft^at/SMSIfclJ: 0«»L3t 
affiS:±®i:-t4#*gf H ^-9-7r-f TWfcl TMOVPE g 
SOEJCSlcait§fife-9--fer^ti6*f 4. ^(3, iff 
ST-H 2 ?rg![a2 liter/^T^5S(=SEL^A>%iaJKll00 

[00 12] &(;:, jSS^ 400°CiT-(ST?-^T. H 2 5- 
20 liter,/^-. NHs 5rl0 liter/^. TMA 1.8 > 
^^/^-r-ft^LTAlN ro'<77Tl2*«« 500AO^ 
StMSilfc. iJCt-. ^7r^ TS«1^?SJ^^1150 
"C(Z«f#L. H 2 £20 liter /^, NH 3 5:10 liter,- ^-, 
50 TMG 2: 1.7xlO-"^/P/^. H2"C'0.86ppb ZX'ftlRLfz 




( 3 ) 

3 

v^XSiHOSr 200 Bill il iter /#<9iPJ-&T30#fa$ 
16 L. ffilEfitt 2.2jum. ttWJSZ xlO> VctftfttaN 

[0013] «vvc. -9-7r-<T*Rl^iaJK*1150X: 
CftfSU H 2 £20 liter/4K NHafclO liter/fr. TMG 

$rl.7 xlO- 4 */W/#^tetTO4i-IHfl96U HWtt 
1.5junu ^^jRS 1X10 16 / cn 3 OGaN ^Aj&SflS^ 
-v 'J T«J£ n a 4 5: BfS. Lfz . 

[0014] iJCC. -*7r-f T»K1 £H50iCe«M#L 

Hz 2:20 liter/Jh NH3 £l01iter/ft\ TMG £ 10 
l.lxlO-*^)^/^. CP 2 Mg £ 2xio- 7; e;u/#<o£ I r£ 
f 7#ia<£&LT. BUS0.5 ,um<7)GaN j^^Sti^ -v 
'JT«*pJi5 lfcJBdcLfc. COtlT'li, iS^fA-'J 
71«p«5 1l±, *rtf* Sfci^lO 8 Qc«ULhtf)ie»* 

[0 0 151 t7T-f T«S1 £ll50'CKfiM$L 

fc*±» H2 £20 liter/43-. NH 3 £lO liter /#\ TMG 

£ 1.7xl0- 4: E;U/^-» CPzMg 5: 3xlO" 6; E/l'/fr< 7 ) 
M£T 3#ia«*&LT. $U*0.2 //mOGaN jib 
^■^'JTiRKp* JI5 2Srfl*£Lfc. rwtSBTll. • 20 
'JTiRSP* 15 2U. Sfii^lO 8 QcmiiLh 

[0016]»:, R««^*0WaaiSrffl^T. JJE 

ismjEioKv. KHCft i/iA . b'-A<o»»auto.2«/ 

sec , hW*&60;um*. JI2J*2.1 X lO-STorrT* 

h . i tf>irf*<D!8Mf fc: i 0 . ft^+'J TiRKp JR 5 1 

12. jETUMtl Xl0 16 /cm3^ igCt2p40Qcm<Op{S3PS¥ 
^tthSrO. K^r^'JTrRJKp' 152(i, jEfli** 2 30 
xlO'Vcra 3 . 2 Qcm^pfc*!^*** 

[0017] jaTCj£^&*i.Sei3A»£El7li. ^X^s 

^Stffi^fi. *<OflL ^O^xvNtiS-SSiHSKflJKrS 
ii*. 

[0 0 18] 03C*tJ:5t, S^'J7«ltp* 1 
5 2W±C. x^C-y^yy^CiOSiOsflll l£2000A 40 
*>!5$fc:JBj£Ufc. iWc. -f-^Si0 2 Jg 1 l±tC7*hU 
•/'xb 1 2£^ffiL*:. ^LT. 7 * h 'JV/7 7i:J: 
0, K**'JT«iep* Ji5 2±t=.fcvvt. S^'JT 

« Wg^fflti: A fc * <?)«»B«ffl £ S&* -v 'J Tiftg p * 
J15 2<0«ffif:*ft»ir«|-f 4»9S:»lS-r4aS{Sl[B<07 

[0019] tfac I24ic^-f <£ otc. 7* h 
1 2t3ioT?I^ilTV^V%Si02^ 1 1 £-7 •■/-fb'K*g5 
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7^M/yXM 2&VSi02JB 1 1 lC«k oT?S*>ft.T^ 
fc^Ma*)***!JT*«P' H5 2i**>T*>(K=** 
UTiftSp/f 5 1 . fi^-r l>T«KnJl4 . iS^^'JT 
jftj£n* 13^)11-^5:. K£«0.04Torr . ffiffltttt 

}j0.44W/cm 2 . BCl3*'X$-10 oii 1 liliterAfrOM-g-Cft 

JRaj L<r>tz*xrXl 1 5 i: tt**$r«tf>fc*><oat 9 

[0020] acC. 06^71^ i. S^-v UTjRSE 
P* Ji5 2±t«oTV^Si02Jfl l*7-yflyk*!rC 

=..y*;Ufll 3*M»KJ: OJBfiKLfc. iW-«kO. 7L 

^-7y/Hl3A«^. ^-LT. *<0--/^/U 

V^7 7t3<t0. ^7^ M^yXM4* ! S^+'J7 
?5^n* Jf 3&T/ia*^UT«JKp + «5 2t=m-|>« 

[002 1 ] * WJx 

h 1457X7i:LTTi«-7^Hl 3«0lStlige$: 

Wnt&xnfh 9 tIMISixfe- ^vWI 1 3 ti . 

^L. ]5 ; ^f "V U 7*?fiUjE n * S3omfli8. «df^UTiR 
J^P 4 JI5 2«0«ffi7 3WS$nfe. -t^fife. ±ta<7)*n< 

[oo22i*fc. znigitrj *-hio izmrtz 

H8t:S-r. X. M^Ai:7;^-7Atigffi5:i 

L * v ^ffl«EI2 7 V *» 6 3 V lc<ST L . 

[00 23] iOi-DC=LTBm$ix^:5Bt^*-H 

l o«OW»«a20»AU:tJtt&»Jt»ft*SBtUfci:i* 

lOmcd ffcO. >lCO%3^W«ti. fa!*iOpn«^-OGaN 

*^^<i. 10< t£**>P n«£OGaN 

[00 24 ]^, ±I£^^TfflV^-7^^v-7A(Mg) 

>^y*x-;U-7^v">AKg(C6H7)2 JffluTtHv\ 

tm'. *<^*^K:«P*5iOjE?liMEW ixi0>s~ 1 
xiO^/ci 3 -?**. X. P Ji5 2tW-rS««7^- 
.•/HtL S^+'JTjRSn* Ji3H«-r&*«8Ji 

[0025] X. ±|£®*+UriRKpJI5 1cOjZ?L« 
flEtil >10 14 /cnP —1 Xl0 :6 /'cm3 T'89J?<i0.2 — 1 

W m*«aiu». jETLauK^i -iw/ct 1 OTkirs 
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5 

k. E*iJJSfiW*K<*r9aS'<&OT*S* L<£<. iETL 
«J&#1 <10 ie en? Vltktchb. ffi**'JT«JKn 
14t^?7f > < £ 9 fbtS&JpjMKTi-S cot' 
S£L<*rV\ X. 0tJ?ft< l^mULLkfrSfclfifliSfii 

Tttt^^OTSi L<£< . 0.2 ;umiilTi&6i:?fe 

[oo 2 6] sen. ;s**';t«jkp' is 2oje?l« 

£<i Ixl0 16 /cm3 ULhTJKWiO.l -0.5 Aim*«a4 
U\ jETLiftKa* Ixi0'6/cm3 J: *Mn$ < t£h t . i£ 

[0027] gg2 3gfiftff)| 

01 ICtJivT. ¥$ty 4 7f~ H 1 014. t7H rs 
«1 SrWUttJO, ^O-^7r>fT««liw500 A<0A1 
N OA"/7r«2a*7Bj££:h.-r^&. -£ C0v < ■•/ 7 r 1 2 
<D±K{i. JBfc. &IJifr2.2 jum. Srfiftjg 2X10' Vc 

3. K/fift 1.5/im, fl/^SfiJgl X10i 6 /cin3O*E^jDGa 20 
N *»*>«6iS^-<rUraUKnJB4*«jefi£$fL-r^4. 55 
£. 'JTiiJ£nl4cO_L(;:J;i. JBtc. ^Jf*«j0.2 

um^ Mgjftg 1> 10 19 /cm3OMg^!HlGaN A^^&fi^jsE 
aj««iJ»6 1. »UWW>.5 jam. Hg«* 2x10"/cb3 
^«^i$!f*iJK i + 16 2jW$£SilTV*4. 
[00 28] *LT. -f-iOffi^ttWjWEi «6 lSOTK 

«Sa«t;J:0pfs3*S'ftL^jE?LjllKl <10 16 /cm3^fg 
-V 'J TjRjg pfl50 1 . jE7U££4 xi0»Vra»tf>K* 
A-'JTiftJgp' 15 0 2#«;£iXT^&. 30 
[ 0 0 2 9 ] X. ?S^1&W<S(Jg. i * 1 6 2W1E*>^ 
!i. JS^fcEftiRK i * 162. ii61. 
«*A-';T««nl4£MLT^r-v'JTjftJ£n* J| 
3^£7L1 5 ftT^S. *£07L1 5£»-3T 

SS^E-r U Tift* n * 13 $ - / *}VXl&tiL $ 
*trt:*ffi8 1 i * 16 2il:MJiiT 

o*. X, ^t'JTMp- B5 0 2O±ffiCJi. it 

fcfltffi7 ljWBj*3*va>4. Sf^+'JTjRKn* 13 
t3*tt£mfl&8 Hi. S^r-r UTjftJgp 4 ■5 0 2»t; 40 
ffi^-vUTiRflCpWSOlfciWL-capFMftaJKi* V 
6 2&lfl£*««J«JKiJl6 l£J:9lftft#K&iiT^ 
S. 

[00 30]^^. < r<7)«i£<OSfbfc* , -r 3t- no«H 
it^atCOV^TlJi^l). S?itX^^*^-01 2*^0 
1711 VJi'^ztil-t&imttMzm-t&ISiMffl-Ch 

[00 3 1 ] SB 1 tH«{;UT. 01 2C^t'> 50 




Ufflf6- 1 5 19 6 8 
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x/\5r|jje-f 4. 01 3C^r J:-5H. KTOGft 
iftgi* 16 2«±C < ^N'-y^ 'J >^«fc ^SiOzfli 1 
1 S:2000A<7)/g$CfML^. ifcC. -fOSiCkll 1± 
d7 * hU~>'x h 1 2 S-^ffiLfc. *LT. y*hVV 
/7 7(;J:0. it^&ifejjftJg i • 16 2C:£;oT<K^ + 
UT«WEnJl4t:S4J:pHJBjS$ii4fLl 5 

[00 32] 01 4 K^-fJ: 3 7*hU->-'X 

h 1 2t:«k-5TW*>nT^ ! ar^SiO!Jil 1 fc7-yft** 
BeRx.yf->^iRTl»*Lfc. #1". Ell 5t*tJ:7 
t;. 7* M^'.Xh 1 2S.t>'Si0 2 Jg 1 Hzi^xmhti 

*Bfo»KiJi6 1 i:«^r J r , JTiRJSn«4 tM+'JT 
iRKn' «3CO±ffi-355r. 3l£J£0.04Torr. i5Ji]&tl 
^j0.44W/cm 2 . BCb^'XSrlO milliliter/#<OSiJ-£--t'« 
^LK^Xvfy/UA ArT H^-fx-yf-^i/L ) 
fe. Zff>TMX\ S^-v'JriMEn* «3(;*tf^>igfi0 
KaiUco/srtw?Ll 5sWg*Sii^. ^(3. Hi 6t^ 
-TidC. it^^lJJlR* i ♦ «6 2±^HoTV^Si0 2 
■ 11*77 ^k*3R»T»* Lfe . 
[0033] 01 7£5jH-«fc3U:. KTKWIIJK 
i* 162 SI/{K^«?*Rft« i if 6 1 <OBr3e««C<0 

ixmp<s*S**-riE?L««4 xiO'Vc^^^r-v'J 
TiftJgp' 1502. F.JL8WE1 ^10>«/c«3<7)fi#-vU 
TjRKpl 5 0 1 W&fRZtUZ. 
[0034 ] «^»<OBaj!t*fMi. ^DamJEl0K\'. f££t 
i£s£ l^A . h'-AiO^»)^0.2mm/sec . h*-A&60 
/im<!>. K^Jg2.1 xlO- 5 TorrTS>^. C1«0B%. 
'JratKp* «5 0 2SLf(S^ J r 'JT?RKpil5 0 ltl 

i» 162 RVi&TMVtiSUg. iM6 J 
1<04 4T*>4. ftoT. ^-v'JTiSlSp 4 15 0 2 

ai/<s^-vuri««pJi5 0 i(i. WifinzitLxii. 

m6nzi nmm)izimttmztix^z>. 
[oo35] aut. 01 8£*-*\fc 5k. as^-vurai 

J^P* 15 02}:, i8S¥*6tt»JKi' 162fc. 
MSi' 16 2c7)±fSi:TLl 5 S-iioTK^-f D Tift 

j^. -?-LT. W-7v-;H20(OB:7^M/y'xh 
2\ZWftLX. y * h*J Vfyylzk 0 . f07*h 
h 2 1 *<i£3r-v 'JTiftJS n* fSftl/^-v'J? 
?RJSp 4 Ji5 0 2H«-f4«flHP*»'«'&J:3t:. WJtJg 
tt^/^->-^L7^. f07;f M/yXh2 1 

S:-?^^ k LTT1<0- v ^/H 2 OOJSaiasSrWiSS 
X7f y/STi7f v/L. y* hi> : Jx h 2 i $-r 
-fch>m£-L7L% znXolzLX, 01 ll:*tJ;i 
S^-vUraUKn 4 13WIS8 1. K^r-v'JTjft 




«t a 3 iifc^^a^fc^KfflK Six*:. 
[0 0 36] £Wj:9lcLTl^;&ftfc3B£*'-r*--F 
1 Ocov- IftttSraKLfcfc^;. I2l8fc|31«$r»tt 

[ 0 0 3 7 ] £3_gflS@| 

0 i iz^-m&com i mmcn>$tx.y4 *-\nza\\ 

{fic*-v'JTi8J£p/§5 1. 'JT«JKp* Jf 5 2 

Alo. 2Gao. slno. 3Nfc L^l. iS*-*- V TiR 
Jgn* JI3ii, ^'JavSraSJpLT^iMG xlO'Vc 

^FiMEl xiO ,6 /M?C#j*Lfc. ffl^-v >JT**pJi5 

1 Jiv^^A (Mg) fcJ^nLTVPttfcHHStLT jEJL 
jfijgl :<10 16 /c«3fc:»ifiL, ^-v'JTiftJKp* 152 

IE7L«£ 2X10 1 VctfC^JfcL*:. ^LT, *^'J7 

>JT««n* *3(C«ai-4--y^l'T»jS$ 

[oo38]»:. zcommco^ty-! ki o i,n 

i. Y >^A(In(CH3)3)^TMG » TMA , is 

* i . 7 x io- « ^ /w/#Ttt*M-* - 1 «r fefc^r reiotfx 

[0 0 391 ifcfc. *13eteii:R«£, R9t«^*ia 

[0040] iKC. SllOtWi:ra*t=. *S**'Jr«l 

Jgn* «3Ztf/S*^UT«gp*Jf 5 2K*fi-£-'y 
*vUT jftS £ 7 s 8 * L . 

[004 1] .K0lB£^:t-F 1 0K9Jftr*-& 

^T«ffi«r^*Lfe*&tJt^T. SPEllOtWfcRiai 
ffittL£^fi^li7V*>&3VKffiTLfc. 

[01] ^SEiJlOAttW** 1 KftWwffisa&SK*^ * 
-FOfltj££^L*:fiiJ£0. 




5 ) tttiH¥6 ~ 1 5 1 9 6 8 
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[S3 3 RSBfcfflcOJfcJfc^ HtOKJtlSSr^LJt 
BrMl. 

[04 ] HHItM<r>«btr^ *- F«0»i&ie£*Lrt: 
BrffiH. 

BOT0. 

Brffi0. 

[07 ] HSQiffll*)**^ FOSJtlSSriSLA: 

io wwm. 

[E8 ] mmmmco&tttyj K<o«E-*aa$tt«o 

[09] tK3ft<OT^5^^A«ttS:fflt^»3t^^3!-— 

[aioiiii mMm<^mm^zt,^hmtv-i f 

[011] *fHB<OA*W^r*2IU«Wt-filiS»3t^'f 

[012] HHJtM^)»JK^^--H<0lBtXS*SL 
20 tiffiBffl. 

[013] mmmnz&tyj FoMjant* * i 

*:Bt®0. 

[014] RSQtfftoSBG^-f F<0»jaifl«:^ I 

[015] RSeteflkaHafc^ tf - K<0»tlSii? L 
3^8fr®0. 

[016] mmmcomty-i wmm^mz^ l 

[017] nmmnsttty* vcow&iMt^ i 
30 tzwmm. 

[018] RHISff!l<0%3tr'f ^- Wt&kJMi* t 
1 0-%3fc^>f *-H 
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